Abstract. In this letter, the feasibility study of dimethyl ether (DME) as a household fuel has been investigated. Based on the principles of gas interchangeability, LPG gas appliance has been modified into suitable DME combustion appliance. In addition, the burning effects of both fuel gases were tested and analyzed. The results indicate that comparing with LPG, the required time and the fuel consumption of DME are low for boiling the same weight and temperature water. The burning velocity and burner temperature of DME is better than LPG.
Introduction
Recently, owing to concerns associated to the energy shortages and environmental pollution, a considerable number of investigations were conducted on alternative clean fuels. As a clean and environmentally friendly form of energy, Dimethyl ether (DME) has attracted consideration as an alternative clean fuel. Because of the similarity of physical properties between DME and liquefied petroleum gas (LPG), DME not only can be mixed with LPG, but also the excellent characteristics of DME-LPG mixtures with appropriate ration satisfy the market demand and acceptance, which makes DME-LPG mixtures widely used in Asian countries such as Korea, Japan and China [1] .
The stability, efficiency and effect on LPG equipment have been explored by several investigators for DME-LPG mixtures [2] [3] [4] . For LPG supply equipment, the minor modifications are applied on it, the DME concentrations of 20% to 30% are acceptable in these studies. In china, DME-LPG mixtures (up to 30% DME) are widely used in households [5] . When the DME content of DME-LPG mixtures is between 15-20%, the modifications to existing distribution processes for home cooking appliances are not required [6, 7] .
However, it is unrealistic for the application of DME-LPG mixtures in industries and households as a fuel. Because the price of DME is higher than LPG, it is not appropriate that the DME-LPG mixtures sell at the price of LPG. In addition, the available sealed rubber of pressure vessel for PLG do not possess the ability of resistant to corrosion with DME, therefore it is dangerous to store DME with pressure vessel for PLG. Therefore, the studies focus on the basic combustion characteristics of DME, such as the chemical mechanism and laminar burning velocity in the recent years [8] .
The aim of the present study is to investigate the modification based on the combustion equipment of LPG in order to satisfy the application of DME as household fuel. The comparisons of the combustion temperature and the consumption of unit burn time between DME and LPG have been made.
Interchangeability of Gases and Modification of Gas Appliance

Interchangeability of Gases
Interchangeability of gases is the requirement for the quality of gas. If the gases possess high quality interchangeability, the requirement of adaptability to gas appliance can be reduced. Generally, the interchangeability is indicated by the Wobbe index. It is routine a gas can be replaced by another when the deviation of Wobbe index is not overall±5%~±10%. With the increase of the gas types and the difference of the combustion characteristic, it is not enough to judge the gases interchangeability only by Wobbe index. It is need to study it with experiments and consider the combustion characteristic of the gases.
It is necessary to consider the interchangeability of two gases first when the liquefied petroleum gas (LPG) replaced by dimethyl ether (DME). For LPG, we choose the benchmark gas of 20Y which consist of 75% of C 3 H 8 and 25%C 4 H 10 .
Modification of Gas Appliance
Ejector. As the facilities for premix of fuel gas and air, the venture size is the main dimensions of the ejector. Due to DME fuel includes oxygen element (the oxygen content is 34.8%), the necessity of the premixed actual air quantity is less than LPG when DME combusted. Hence, if the ejector can satisfy the need of LPG, it must suit DME. In here, the ejector of gas appliance will not be modified.
Rated Heat Input. When the gas appliance of LPG is used to burn DME, the Wobbe index and the pressure ahead of gas appliance has great changes. To maintain the same heat load, the nozzle diameter need to be expanded and the nozzle diameter calculation formula is as follows
In which, DME D is the nozzle aperture of DME appliance (mm); LPG D is the nozzle aperture of LPG appliance (mm); LPG W is the Wobbe of LPG (MJ/m 3 ); DME W is the Wobbe of DME (MJ/m 3 ).
Primary Air Factor. For ejector type gas appliance, its normal operation will be influenced by change of the primary air facto, the calculation formula of the primary air factor as follows In which, LPG α and DME α are the primary air factors of LPG and DME, respectively; LPG P and DME P are the rated pressure (Pa) of LPG and DME. Respectively; LPG F and DME F are the total area of fire hole (mm 2 ) of LPG and DME. In this paper, the gas appliance of LPG which the model is JZ20Y1-168B06 has been selected. The main parameters: rated gas pressure is 2800Pa; rated heat flow is 4.1kW; nozzle diameter of outer ring fire is Ø0.9mm and its nozzle with mixed air hole; nozzle diameter of inter ring fire is Ø0.4mm and its nozzle with mixed air hole.
According to equations (1) and (2), the gas appliance of LPG has been modified. The parameters after modification: rated gas pressure is 2700Pa; rated heat flow is 4.1kW; nozzle diameter of outer ring fire is Ø1.1mm and its nozzle with mixed air hole; nozzle diameter of inter ring fire is Ø0.6mm and its nozzle does not have mixed air hole, meanwhile, turn down the throttle to decrease the primary air factor.
Test Analysis of Combustion Effect
In order to verify the combustion effect of DME gas appliance after modifying, the consumption of LPG and DME to boil 4kg water have been tested, respectively, as well as the time, the consumption of LPG and DME in unit time, which is shown in Figure. 1-2.
The result of test indicate that comparing with LPG, the spend time and the fuel consumption of DME are less than 9.1% and 7.4%, respectively, for boiling the same weight and temperature of water, which is shown in Figure. 1. In addition, the consumption of DME increases 1.5% compared with the consumption of LPG. It means that the burning velocity of DME is faster than the burning velocity of LPG. The burner temperature of DME is 23.6% higher than LPG's, it turned out that the heat transfer effect of DME is better than LPG, as illustrated in Figure. 2. 
Conclusion
(1) According to the principle of gas interchangeability, the gas appliance of LPG can be modified into the new combustion equipment which suit for DME, and fully satisfy the requirements of DME burning.
(2) Comparing with LPG, both the required time and the fuel consumption of DME are low for boiling the same weight and temperature water. Moreover, the burning velocity of DME is faster than LPG's, it leads to the consumption of DME is a little more than LPG's. At the same time, the burner temperature of DME is much higher than LPG's; it indicates that the heat transfer effect of DME is better.
